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In 300 selected patients, scalar electrocardiograms and
contemporaneous radionuclide angiograms were ana-
lyzed retrospectively to assess the association between
prominent right precordial R waves (duratlon te 0.04
second, R ;;=:: S in lead VI or VZ), traditionally considered
diagnostic of "posterior" infarction, and asynergy in
various left ventricular segments. Mathematical meth-
ods for analysis of association between nonparametric
variables clearly demonstrated that prominent right pre-
cordial R waves were strongly associated with asynergy
of the basal lateral left ventricular wall, although asyn-
ergy of adjacent inferior and lateral segments was
common.
With the exclusion of right ventricular hypertrophy
and bundle branch block, a prominent R wave in lead
V1 exhibited a high specificity (> 99%), a high positive
predictive value (91%) and a low sensitivity (36%) for
Prominent right precordial R waves (duration 2': 0.04 sec-
ond, R 2': S in lead V t or V2)on the scalar electrocardiogram
were shown in 1944 (1) to be diagnostic of myocardial
infarction, the anatomic location of which has been prob-
lematic ever since, having been labeled "lateral" (2,3),
"posterolateral" (4), "high posterolateral" (5), "poste-
rior" (6), "strictly posterior" (7), "true posterior" (8),
"posterobasal" (9), "inferobasal" (10) and "inferoposte-
rior" (1). Such disparate nomenclature has resulted in so
much clinical and investigative confusion about the ana-
tomic site of this infarction (2) that two relatively recent
studies (13,14) have even questioned whether prominent
right precordial R waves have any clinical value in the
localization of myocardial infarction. In examining the as-
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diagnosing basal lateral myocardial infarction. A prom-
inent R wave in lead V2 exhibited a higher sensitivity
(61%), a somewhat lower specificity (95%) and a sig-
nificantly lower positive predictive value (76%). A newly
developed criterion for such infarction-a prominent R
wave in lead V2 and a Q wave inferior infarction-had
intermediate characteristics and may be more clinically
useful. The most common reasons for the decreased sen-
sitivities of all three criteria were left ventricular hy-
pertrophy or associated anterior myocardial infarction.
These data demonstrate that prominent right pre-
cordial R waves are clinically useful in identifying in-
ferior and lateral wall infarctions that involve the basal
lateral left ventricular segment. Confusion results pri-
marily from inappropriate use of the electrocardio-
graphic term "posterior" for such infarctions.
sociation between prominent right precordial R waves and
left ventricular myocardial infarction as localized by autopsy
or by asynergy from imaging methods, all of these inves-
tigators analyzed their data qualitatively and descriptively
with traditional electrocardiographic semantic preconcep-
tions, rather than with appropriate quantitative mathematical
methods.
This study examined retrospectively the scalar electro-
cardiogram and contemporaneous gated radionuclide angio-
grams in a selected group of 300 patients, 49 of whom
exhibited prominent right precordial R waves considered
diagnostic of myocardial infarction. Using mathematical
methods to analyze the association between nonparametric
variables, we compared wall motion abnormalities in se-
lected left ventricular segments with the presence or absence
of diagnostic R waves in leads V1 and V2 to establish ob-
jectively which left ventricular segment was asynergic when
such precordial R waves were present. The results of this
mathematical analysis clearly support the findings, if not
the nomenclature, of many previous pathologic studies, help
define potentially unwarranted assumptions in other studies
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Figure 1. Schematic diagram of the nine left ventricular segments
identified and scored for the anterior (ANT) and caudally angulated
left anterior oblique (LAO) radionuclide projections. MY = mitral
valve.
R :2:: SV2: This group included all patients who had an R
wave duration of :2:: 0.04 second and R :2:: S in lead
V2 , either isolated or in combination with a similar R
wave in lead VI, Therefore, in the patients actually
observed, the group with R :2:: SY2 is totally inclusive
of the group with R :2:: Sc.,
Radionuclide imaging. After in vivo red cell labeling
with technetium-99m pyrophosphate, each patient under-
went gated cardiac imaging in the anterior projection (low
energy, all purpose, parallel hole collimator) and in the left
anterior oblique projection which provided optimal ventric-
ular separation (intermediate sensitivity 30° caudally an-
gulated slant hole collimator) with either an Elscint Apex
215M camera and microcomputer or an Elscint Dymax LF
camera and DEC minicomputer. Six million counts were
collected over the cardiac field of view at a rate of 24
frames/cycle. Left and right ventricular ejection fractions
were measured by standard methods in this laboratory al-
ready reported in detail elsewhere (16,17). Ejection fraction
images were generated from both the left anterior oblique
and anterior views by computer frame arithmetic from the
end-diastolic and end-systolic frames by a modification of
the method of Maddox et a1. (18) and were displayed in a
color format.
Ventricular wall motion analysis. The left ventricular
outline exclusive of the basal valve plane was divided into
five segments in each projection, the apex being common
to both, for a total of nine segments (Fig. 1). An experienced
observer unaware of the electrocardiographic findings re-
viewed both the color-coded ejection fraction images and
that have led to inconsistent findings and provide a reference
standard for assessing the test characteristics of prominent
right precordial R waves in the diagnosis of myocardial
infarction.
Methods
Study patients. From the approximately 1,600 patients
who underwent radionuclide ventriculography at our insti-
tution during the preceding 2 years, we retrospectively se-
lected 300 patients with contemporaneous 12 lead scalar
electrocardiograms that did not exhibit left or right bundle
branch block. This group comprised two subgroups: 65 pa-
tients with normal left ventricular ejection fraction (:2:: 55%)
and normal wall motion who did or did not have known
coronary artery disease and 235 patients with left ventricular
asynergy who did have known coronary artery disease as
evidenced by classic exertional angina responsive to medical
therapy, documented myocardial infarction or positive
electrocardiographic or thallium stress test. Specifically ex-
cluded were patients with global nonsegmental wall motion
abnormalities and physical examination or laboratory evi-
dence of significant obstructive or regurgitant valvular heart
disease. Of the 49 patients with R waves in leads VI or V2
diagnostic of myocardial infarction (see later) who over-
lapped both subgroups, none had clinical evidence (physical
examination, chest X-ray film, echocardiography, radio-
nuclide imaging) of right ventricular hypertrophy and none
had pulmonary or congenital heart disease likely to produce
right ventricular hypertrophy.
Electrocardiographic recordings and interpretation.
All electrocardiograms were recorded on a single or three
channel Hewlett-Packard machine at a paper speed of 25
mm/s with routine standardization (1 mV == 10 mm).
Criteria for posterior wall myocardial infarction were:
1) lead VI: R wave duration a 0.04 second, R:2:: S; or 2)
lead V2 : R wave duration :2:: 0.04 second, R :2:: S.
Criteria for inferior wall myocardial infarction were: 1)
lead aVF: Q > 0.03 second; 2) lead II: Q > 0.03 second
and Q/R > 1/3; 3) lead III: Q > 0.03 second and Q > 1
mm in aVF; or 4) QS pattern in lead II or lead III and aVF.
Criteria for left ventricular hypertrophy were (15): 1) S
in V 1,2 + Rvs :2:: 35 mm; 2) any precordial R + S > 45
mm or; 3) R in aVL :2:: 11 mm.
On the basis of the electrocardiographic criteria, differ-
ent diagnostic groups were defined:
R :2:: Sy,: This group included all patients who had an R
wave duration of ~ 0.04 second and R 2: S in lead
V i- Although neither logically nor physiologically
necessary, it happened that all patients with such R
waves in lead V I also had similar R waves in lead
V2. Therefore, this group could also have been labeled
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loop movies for each patient and graded the left ventricular
segments on an ordinal nonparametric scale as: I = normal,
2 = hypokinetic and 3 = akinetic or dyskinetic. Figure 2
shows the ejection fraction images from a normal subject,
from a patient with Q wave inferior myocardial infarction
by electrocardiography and wall motion abnormalities con-
fined to the inferior wall and from a patient with Q wave
inferior myocardial infarction and prominent right precordial
R waves by electrocardiography and both inferior and basal
lateral wall motion abnormalities.
Mathematical analysis. Chi-square analysis of proba-
bility and Cramer's phi (<p'), an index of mean square con-
tingency, for general row by column contingency tables of
nonparametric variables were calculated with a commer-
cially available program (Human System Dynamics) on an
Apple 11 plus computer. The index of predictive association
(A) for wall motion scores from the electrocardiographic
findings was calculated as described by Hayes (19). Both
the index of mean square contingency and the index of
predictive association can have values from 0 (no associa-
tion) to I (perfect association) and are much more useful
than probability (p) alone in assessing the strength of as-
sociation between two nonparametric variables (19). Spec-
ificity, sensitivity, positive predictive value, negative pre-
dictive value and predictive accuracy were calculated as
indicated in Figure 3 (20).
Results
Left ventricular wall motion and tall right precordial
R waves. It was anticipated that the prominent right pre-
cordial R waves diagnostic of myocardial infarction might
be associated with contraction abnormalities in any of three
left ventricular wall segments: the basal inferior segment
(no. 5), the distal lateral segment (no. 8) or the basal lateral
Figure 2. Ejection fraction images from the anterior (ANT) and
caudally angulated left anterior oblique (LAO) radionuclide pro-
jections for a normal subject and a patient with an inferior myo-
cardial infarction (lMI) and a patient with an inferoposterior myo-
cardial infarction (lPMI) by electrocardiography. Areas of highest
regional ejection fraction are depicted in white and the lowest in
red and blue. The patient with inferoposterior myocardial infarc-
tion exhibits both inferior and basal lateral asynergy (arrows in
bottom frames), whereas the patient with inferior myocardial
infarction exhibits only inferior asynergy (arrow in middle left
frame) with normal septal and lateral wall motion.
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o+dPREDICTIVE ACCURACY = o+b+c+d
Figure 3. A binarytable showing the formulas for the calculation
of commonly used test characteristics. NEG = negative; POS =
positive.
IBASAL LATERAL SEGMENT (9) I







Table 1. Summary of Mathematical Analyses of Association
for Wall Motion Scoresof Left Ventricular Segments and
Prominent R Waves in Leads VI and V2
of patients who did or did not have prominent R waves in
a given lead, and the columns represent the number of
patients who had various wall motion scores for a given left
ventricular wall segment. Figure 4 shows such a table for
lead VIand the basal lateral segment (no. 9) and the resultant
values of chi-square analysis, probability, the index of mean
square contingency and the index of predictive association,
all of which are indicative of a very strong mathematical
association between the two variables.
Similar tables were constructed to examine the associa-
tion between the wall motion scores for the basal inferior,
distal lateral and basal lateral segments and the presence or
absence of prominent R waves in leads V1 and V2. The
summary mathematical data for these six tables are pre-
sented in Table 1 and clearly show that the presence or
absence of prominent R waves in either lead VI or V2 is
associated most strongly with wall motion scores in the basal
lateral left ventricular segment as indicated by the markedly
higher values of chi-square analysis, the index of mean
square contingency and the index of predictive association
and lower value for probability. We conclude from this
mathematical analysis that it is infarction of the basal lateral
left ventricular wall (and not the basal inferior or distal
lateral wall) that primarily gives rise to prominent R waves
in the right precordial leads.
These resuLts must not be misinterpreted to mean that
basal lateral myocardiaL infarction occurs in isolation. Of
the 59 patients with basal lateral asynergy, 54 also had basal
inferior asynergy, 49 also had distal lateral asynergy and
only 2 had neither. When considered from the opposite
viewpoint, of 199 patients with basal inferior asynergy, only
54 had basal lateral asynergy; of 125 patients with distal
lateral asynergy, 49 had basal lateral asynergy. Therefore,
R 2= Sv,
K 7.53 13.81 115.09
23 P 0.022 0.001 < 0.001
cf/ 0.158 0.214 0.619
A 0.00 0.05 0.25
277 R 2= SV2
K 11.36 10.92 115.60
P 0.003 0.004 < 0.001
4/ 0.194 0.190 0.620
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R ~ S VI
Figure 4. A table indicating frequency of occurrence for presence
or absence of infarct-diagnostic R waves in lead VI (rows) and
the presence or absence of asynergy in the basal lateral left ven-
tricular segment (no. 9) (columns) with calculated indexes of
strength of association. K = chi-square; A = indexof predictive
association; p = probability; ¢' = Cramer's phi.
segment (no. 9), each of which has been described in several
other studies as the likely site of such infarction (4,5,8-
10,13,14). The mathematical association between contrac-
tion abnormalities in each of these segments and the pres-
ence or absence of prominent R waves in lead VI or V2 was
determined with a series of contingency tables for nonpar-





K = chi-square statistic; A = index of predictive association; p =
probability of no association; 4/ = Cramer's phi, an index of mean square
contingency.
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patients with basal lateral asynergy most commonly have
asynergy and presumed infarction in surrounding segments
that have extended into the basal lateral segment-and the
electrocardiographic hallmark of such extension is the prom-
inent right precordial R wave.
Electrocardiographic test characteristics. Having de-
termined mathematically that the basal lateral left ventricular
wall is the site of asynergy and presumed infarction which
gives rise to prominent right precordial R waves, the next
step of this study was to determine the accuracy of the scalar
electrocardiogram in predicting such infarction. Using any
contraction abnormality (score 2 or 3) in the basal lateral
wall (segment 9) as a marker of infarction, diagnostic R
waves in leads V1 and lead V2 were compared with respect
to specificity, sensitivity, positive predictive value, negative
predictive value and predictive accuracy (Table 2). The most
stringent criterion for infarction, R wave duration se 0.04
second, R ;:: S in lead V10 exhibited an extraordinarily high
specificity (> 99%) and a high positive predictive value
(91%) with a low sensitivity (36%). Predictably, the less
stringent traditional criterion for infarction, R wave duration
;:: 0.04 second, R ;:: S in lead V2, exhibited a lower spec-
ificity 195%) and a significantly lower positive predictive
value (73%), but a better sensitivity (61%). Because of the
limitations of these traditional criteria, which will be dis-
cussed later, a new criterion for such myocardial infarction
was developed, R wave duration > 0.04 second, R ;:: S in
lead V! plus a Q wave inferior infarction, which exhibited
intermediate values of specificity (98%), positive predictive
value (83%) and sensitivity (49%). All these criteria exhib-
ited SImilar negative predictive values and predictive
accuracies.
To evaluatethe reasonsfor the generally low sensitivities
ofthesecriteria, we assessed other electrocardiographic and
ventriculographic findings in the 23 patients with a false
negative prediction for the most sensitive criterion, lead V2.
Of these 23 patients, 8 exhibited voltage criteria for left
ventricular hypertrophy (15), 9 had evidence of anterior
myocardial infarction (6 by electrocardiography and 3 by
radionuclide angiography) and only 6 had no identifiable
reason for the negative result. Therefore, the low sensitivity
of prominent right precordial R waves in predicting basal
lateral asynergy was not a random phenomenon but was
often the direct result of vector shifts from anterior myo-
cardial infarction or left ventricular hypertrophy.
Discussion
Comparison with previous studies. The major contri-
bution of this study is the mathematical demonstration that
it is infarction of the basal lateral left ventricular segment
that gives rise to prominent right precordial R waves, a
finding supported qualitatively by those autopsy studies
(3-5,11) that have approached the analysis without precon-
ceptions of localization based on older terminology. Two
important autopsy studies (9,10) with apparently discrepant
findings base their data analysis on the assumption that it
is the basal inferior left ventricular wall (segment no. 5 in
our study) that should give rise to prominent right precordial
R waves or their vectorcardiographic equivalents. There is,
however, no scientific basis in published reports for such
an assumption other than the schematic diagram provided
by Perloff (7) in his study, which included only four autopsy
cases not described in detail. Sullivan et al. (10) concluded
that the presence of prominent right precordial R waves did
not distinguish between basal and distal inferior infarction,
but expressed surprise at the frequency of lateral wall in-
volvement in such cases. Evidently, their preconception was
that lateral wall involvement on the electrocardiogram would
be made manifest through leads I, aVL or V5 and V6 and
not R waves in leads V1 and V2' Our results make this prior
study more understandable since the "absent" electrocar-
diographic evidence of lateral wall involvement was really
present in the form of prominent right precordial R waves.
In addition, there is no reason to presume that the presence
of such R waves, generated as they are from infarction of
the basal lateral wall, would allow a distinction between
basal and distal inferior infarction. The study of Gunnar et
al. (9) made virtually the same assumption, although in the
guise of slightly different nomenclature, but the data were
presented in such a fashion that the extent of lateral wall
involvement cannot be evaluated in their group of patients
with exaggerated anterior vectors in the horizontal plane.
Two ventriculographic studies (8,14) that compared left
ventricular asynergy with the presence or absence of prom-
Table 2. Summary of Test Characteristics for Various Electrocardiographic Criteria in
Diagnosing Basal Lateral Asynergy
Sensitivity Specificity PPV NPV PA
~ 0.04 second R ~ SYI 0.36 0.99 0.91 0.86 0.87
~ 0.04 second R ~ SYl 0.61 0.95 0.73 0.91 0.88
~ 0.04 second R ~ SY2 plus IMI 0.49 0.98 0.83 0.92 0.88
IMI = inferior Q wave infarction; NPV = negative predictive value; PA = predictiveaccuracy; PPV =
positive predictive value.
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inent right precordial R waves both presumed that the distal
or apical half of the lateral wall (segment 8 in our study)
should give rise to such R waves and, therefore, both con-
cluded that the electrocardiographic finding was of marginal
or no clinical utility. Unfortunately, in neither case is it
possible to reconstruct the data to compare the electrocar-
diographic findings with the more appropriate basal lateral
left ventricular segment.
The preconceptions about infarct localization in all these
studies almost certainly arise from the long-standing con-
fusion in electrocardiographic nomenclature for myocardial
infarction associated with prominent right precordial R waves
(12). Pathologists have traditionally and consistently labeled
as "posterior" that left ventricular wall which cardiologists
have intermittently called "diaphragmatic" but now com-
monly call "inferior." Variations of the term "posterior"
(6-8) were originally used to describe vectorcardiographic
alterations from infarction as referenced to the whole body,
and the nomenclature has now become commonplace (6).
As referenced to the left ventricle, however, "posterior" is
an unfortunate term because it refers to infarction located
primarily in the left ventricular lateral wall and since it is
readily confused with the pathologic term for the left ven-
tricular inferior wall. More recently, there appears to be a
growing awareness of the frequent inaccuracies of anatomic
location inherent in much of the traditional and needlessly
elaborate nomenclature of electrocardiography (10-13 ,21).
The mathematical approach used in our study, although
applied to prominent right precordial R waves and radio-
nuclide ventriculography, is intrinsically objective and can
be applied to any electrocardiographic criterion and any
method of anatomic localization, either direct or imaged.
More widespread application of such mathematical analysis
may ultimately simplify electrocardiographic terminology
and provide it with a more substantial scientific foundation.
Accuracy of criteria for basal lateral wall infarc-
tion. The second objective of this study was to assess the
effectiveness of traditional criteria for right precordial R
waves in predicting asynergy of the basal lateral left ven-
tricular segment, the most likely site of so-called posterior
myocardial infarction. As clearly illustrated in Table 2, lead
V1 and lead V2 criteria exhibit high specificity and moderate
(61% for lead V2) to low (36% for lead V I) sensitivity,
characteristics that are typical of tests used to confirm a
diagnosis but not to screen for it (20). Interestingly, as
predicted by Bayesian analysis, the low (20%) pretest like-
lihood (or prevalence) of disease (59 of 300 patients with
basal lateral asynergy) results in a very mediocre (76%)
positive predictive value for the lead V2 criterion. Conse-
quently, a diagnostic R wave in lead V2 wrongly predicts
basal lateral myocardial infarction in one of four cases! With
right ventricular hypertrophy excluded clinically, the ex-
traordinarily high specificity of the lead V I criterion produces
a high and clinically very useful positive predictive value
of 91% despite the low prevalence of the disease.
In an attempt to make the lead V2 criterion more specific
at the expense of some sensitivity, we evaluated a new
criterion: an R wave ~ 0.04 second duration, R 2:: S in lead
V2 plus a Q wave inferior infarction which is intermediate
in its characteristics and should be more generally useful
clinically than either of the traditional criteria. Finally, and
again predictable from Bayesian analysis, all three criteria
exhibit little variation in their negative predictive values and
overall predictive accuracy because of their generally high
specificity and the very low prevalence of the disease entity.
Clinical implications. Our data were obtained on a se-
lected group of patients. The exclusion of patients with
bundle branch block has no clinical impact on these results
because these conditions are readily recognizable by electro-
cardiography and do not result in false negative (for left
bundle branch block) or false positive (for right bundle
branch block) diagnoses, a diagnostically neutral effect. Had
patients with right ventricular hypertrophy been included,
however, the specificity and positive predictive value of all
the criteria would have decreased. Despite this, we believe
that our data are meaningful to the clinician because the
prevalence of right ventricular hypertrophy is low in adults
and usually apparent on clinical grounds other than the elec-
trocardiogram. In children in whom right ventricular hy-
pertrophy might be more prevalent, coronary artery disease
and myocardial infarction are almost nonexistent. Hence,
in the current practice of cardiology, confusion between
these entities is no longer common. Finally, the true prev-
alence of myocardial infarction related to prominent right
precordial R waves would be lower in an unselected group
of patients (although exactly how low is unknown) with
resultant lower positive predictive values for all the electro-
cardiographic criteria.
This study underscores the confusion in terminology en-
gendered by myocardial infarction associated with promi-
nent right precordial R waves, commonly referred to as
"posterior" by cardiologists (6). As localizing terminology,
"posterior" is wrong because this infarction is primarily
basal lateral in location, and it is ambiguous because it
usurps the traditional pathologic nomenclature for another
wall that is not the primary site of infarction giving rise to
the electrocardiographic finding. Clearly, as this study dem-
onstrates, the time-honored electrocardiographic observa-
tion of prominent right precordial R waves does have clinical
utility in predicting the site of myocardial infarction-in
the basal lateral left ventricular wall. It should not be dis-
carded as some have suggested (13), but would obviously
benefit from revised electrocardiographic nomenclature.
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